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TABLE 1. NORMAL OPERATION MODE PIN PLACEMENT 

Note: Normal operation mode occurs when the TEST input (pin 65) is low. 


1. VSS 

26. D(17) 

51./SD(6) 

76. VSS 

2. MA(12) 

27. D(18) 

52. /SD(7) 

77. SIZ0 

3. MA(13) 

28. D(19) 

53. /SDBP 

78. SIZ1 

4. MA(14) 

29. VSS 

54./SATN 

79./DSACK0 

5. MA(15) 

30. D(20) 

55. /SBSY 

80./STERM 

6. D(0) 

31. D(21) 

56. VSS 

81.FC1 

7. D(1) 

32. D(22) 

57./SACK 

82. R/W 

8. D(2) 

33. D(23) 

58. /SRST 

83./DSACK1 

9. D(3) 

34. D(24) 

59./SMSG 

84./AS 

10. VSS 

35. D(25) 

60./SSEL 

85. /ABEN 

11. D(4) 

36. D(26) 

61./SCD 

86./ALE 

12. D(5) 

37. D(27) 

62. VSS 

87. MA(0) 

13. D(6) 

38. VSS 

63./SREQ 

88. MA(1) 

14. D(7) 

39. D(28) 

64./SIO 

89. MA(2) 

15. 0(8) 

__40. D(29) 

65. TEST 

9Q/MA(3) | 

16. D(9y - 

4TTS(30) 

66. VDD 

91. VDD 

17. D(f0) 

_42. D(3H 

67. CPUCLK 

/92. VSS 

18/6(11) S 

N3./SD(0k 

68./CS 

/ 93. MA(4) 

19. VDD / 

4\/SD(1) \ 

69. /INT / 

94. MA(5) 


!0. VSS 
>1.D(12) 

22. D(13l 

23. D(14| 

24. D(15) 

25. D(16) 


VBS 


70. /RESET 

71. /BER 

72. /BGACK 

73. /B0OUT 

74. /BGIN 
75:/BR 



:. MA(6) 
S(6. MA(7) 

97. MA(8) 

98. MA(9) 

99. MA(10) 

100. MA(11)1 


INPUTS 

/RESEl 
/CS 
CPUCLK 
/BGIN 


TEST 

/BERR 

/STERM 


TABLE 2. NORMA1/OPERATION MODE PIN DESCRIPTION 


ie SCSI DMA. 

Used to select the SCSI DMA rtnitnq Pin (Programmed i/d)i transfers. 
Clock signal to the SCSI DMA. 


■ The assertion of /BGIN signals that the bus is to be given to a requesting 

bus master when the current bus cycle is completed. 

The SCSI DMA uses this in combination with other signals to determine 
when it can take the bus. 

■ Allows the 53C80 host adapter cell (a part of the logic internal to the SCSI DMA) 

to be tested directly. See Section 6.2.3 for further Test Mode information. 
Indicates an invalid or illegal bus operation is being attempted. 

Indicates the completion of a 32 bit synchronous data transfer. 


OUTPUTS 

/BGOUT • The outgoing daisy chained bus grant line. The SCSI DMA 

will normally pass the signal /BGIN to /BGOUT unless it intends 
to become the next bus master. It then breaks the daisy chain and 
negates /BGOUT. 

/DSACK1 - Indicates the completion of a 32 bit PIO data transfer. 
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/ALE 


- During DMA operations, the rising edge of this signal is used to latch the 

16 high order DMA address bits. This signal is to supply the clock input to the 
necessary external address - latching registers. (2 registers, such as 74F574’s, 
are required in a system to accomodate the multiplexed-address design of the 
SCSI DMA. See figure 5 for schematic.) 

/ABEN - During DMA transfers, this signal is used to enable the high order address bits 

onto the address bus. This signal is to supply the output enable input to the 
necessary external address-latching registers. 

MA(15-9,3-0] - With MA[8-4] forms the multiplexed address bus. 

/INT - Interrupt signal from the SCSI DMA. (Open drain output. Timing specs derived from 

system with 3.3k pullup registers on open drain outputs.) 

/BR • The SCSI DMA requests bus mastership using this line. (Open drain output.) 

FC1 - Function code bit 1. (Used during DMA cycles. This bit is driven low to 

indicate a non-CPU space operation.) 


BIDIRECTIONAL 

D[31-0] 

MA[8-4] 


/AS 


R/W 


SIZ11F0] 


/DSA< 


/BGACK 

/SDB[7-0] 

/SDBP 

/SATN 

/SBSY 

/SREQ 

/SACK 

/SRST 

/SMSG 

/SSEL 

/SCO 

/SIO 


Bidirectional 32 bit data bus used for both DMA andy P I Q tran sfers, 
bits of the multiplexed address bus. 



: to indicate register to be accessed during PIO transfers. 
i(tput to form multiplexed address bus with MA[!5-9] and MA[3-0]. 
I address, size, and R/W/nformation is on tpe bus. 
f riven by 68030. 

r 

/Indicates a reaA (high) orlwrite (bw) directij 
[ PIO Mode: Input driven by 68030. 

DMA Mode: Output. 1 

Indicate the number of bytes to be traftsferrecKduring a given bus cyfcle. 


driven by 68030./ 
put. 


asynchronous data transfer. 


by asynchronous memory controller, 
ated memory cycles afford betterperformanc 


emal devfce (not the CPU) hah assumed 


• SCSI data bus. 

- Odd data parity for the SCSI data bus. 

- Indicates an attention conditbn on the SCSI bus. 

- Indicates that the SCSI bus is being used. 

- Indicates a request for a SCSI REQ/ACK data transfer. 

- Indicates an acknowledgement during a SCSI REQ/ACK data 

transfer. 

- Triggers SCSI bus reset. 

- Indicates a message conditbn on the SCSI bus. 

- Used by an initiator to select a target or by a target to reseiect an 

initiator on the SCSI bus. 

• Indicates that control or data is on the SCSI bus. 

- Controls the directbn of data movement on the SCSI bus. Also 

used to distinguish between selection and reselection phases. 
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Address 
Bus Data 
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TABLE 7. TIMING 

VDD * 4.75V to 5.25V, Temperature * 0 - 70°C, CL * lOOpF 
Refer to figures 6 thru 10 


SIGNAL 

TIMING DESCRIPTION 

SYMBOL 

MIN. 

MAX. 

UNITS 

FIG. 


GENERAL TIMING 


CPUCLK 

Frequency 

Clock Period ( 0 ) 

Clock high time 

Clock low time 


40 

16 

16 

25 

MHz 

ns 

ns 

ns 

6-10 

6-10 

6-10 

6-10 

/RESET 

Assertion time 


80 


ns 


/RESET 

Delay time from /RESET rising 
edge to full operation 


80 


ns 


TEST 

Delay from TEST falling edge 
to 53C80 inputs and outputs valid 
on 3CSJ-QMA cjads 


/ 

40 

ns 


[ES9HHHI! 

CPUCLK falling'Sdge to /AS failing edge 

to 


18 

ns 

6-9 

/AS, R/W, MA1841 


ti 

A 


ns 

6-9 

/CS / 

Falhtetup toXPUCLK Rising edge 
to pe capturecrduring that cycle 

t 2 

/ 

/ 20 


ns 

6-9 

/AS / 

CPUCLK fallinq\edqe to /AS rising edge 

13/ 

r 


18 

ns 

6-9 


Hold from /AS rising edqe\ 

W . 

A 



ns 

6-9 

|/CS 

1 

tyold from /AS risl 

ng edge 

__ . _ 

A i 

/ 0 


15 | 

ns 

6-9 

PROGRAh 

IMED l/C 

_ 

READ,WRITE F^ 

id—■— 

O 

2 

DO 

m 

SISTER TIDING / 



Ejjjggl 



Bll 

t8 



30 

ns 


6,7 


■■ 1 







XAS rising edgje to /DSACK rising 
edge /. / 

td 

1 


20 

ns 

1_.. 

6,7 

/AS \ 

HofeHimd'after/DSACK falling edge 

tio 

r-29^ 

20 

- 


6.7 

D[31-0] \ 

^Setup to /DSAp^falling 

t6 

25 


ns 


6 

D~[31-0] 

Hold from /AS rising edge 

t7 

5 


ns 

6 

IHRlBilHH 

lEBtraagaiLH irni i —i 

111 . 

20 


ns 

7 

|D[31-0] 

1 Hold from/AS rising edge 

t12 

0 


ns 

7 


PROGRAMMED I/O READ, WRITE WITH HARDWARE HANDSHAKE FROM/TO 53C80 


/DSACK0 

CPUCLK rising edge to /DSACK0 
falling edge 

t8 


30 

ns 

6,7 

/DSACK0 

/AS rising edge to /DSACK0 rising 
edge 

t9 


20 

ns 

8,9 

/AS 

Hold time after/DSAC K0 failing edge 

tio 

20 

20 

ns 

8,9 

/SREQ 

/SREQ falling edge to start of WO 

t13 

30 

50 

ns 

8 

Df31-241 

Setup to /DSACK0 falling edge 

t14 

10 


ns 

8 

Df31-24l 

Hold from /AS rising edae 

t7 

5 1 


ns 

8 

/SREQ 

/SREQ rising edge to start of WO 

t15 

30 

5 0 

ns 

9 

Df31-241 

Setup to CPUCLK rising edge 

t16 

50 


ns 

9 

D131-241 

Hold from /AS rising edge 

t12 

0 


ns 

9 
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TABLE 7. TIMING (CONT.) 

VDD - 4.75V lo 5.25V, Temperature * 0 - 70°C, CL = lOOpF 
Rpu - 3.3k - for open drain outputs /BR and /INT 

_ Refer to figures 6 thru 10 ____ 

ISIGNAL I TIMING DESCRIPTION \ SVM.I MIN. I M AX. I UNITS jFiG. 1 


DMA READ,WRITE TIMING 


/6A./b6(5ut. - 

wmrnsssMMmm 

123 




10 

/ALE 


120 


45 

ns 

10 

/BGIN 

Failing edge to CPUCLK failing edge 
(to be seen that cycle) 

126 

20 


ns 



CPUCLK rising edge to 
assertion of /BGACK 

t28 


65 

ns 

10 

/BGACK./AS 

/STERM, 

/DSACKO./BERR 

Signal valid to CPUCLK 
rising edge (to be seen that cycle) 

t29 


20 

ns 

10 

MA{15-0] 

CPUCLK rising edge to high 
ordenaddress^valid 

117 

in 


nj 

■ 

10 

MA[15-0] 

/ 

,8PUCLK rising edgeto high order address 
invalid andJow orderaddress valid 

t18 

m 

50 

i 

■ 

10 

7al£-/ 


t21 

y 

40 

E 


10 


CPUCLK rising todge to assertion 
of sianal \ \ 

t22 ^ 

_z3 

45 

B 

■ 

10 

/BGOUT 

■ 

/BGIN assertion td 
(/BR deasserted) \ 

/BGOUT 

assertion 

m 

H 

40 

B 

■ 

10 

m - 



?CTCTI:l£l 

Ill cw*T55i3BE 

mm 

7 

170 

C 

5 

10 

/BGIN 


to slWM 114 SI 1 ffEJTfJ 

ge to /BG 

: l 1J K 

127/ 

20 


13 

> 

10 

/BGIN 


Risina edae to CPI 

JCLK risi 

Kjedge / 

mm 

0 


13 

MM 

10 

/AS 

■ 

to si i to 114 ai 11 r,r.TA 

ae to /AS 

(falling edae 

430— 


18 

13 

MM| 

10 

/AS 

■ 



t31 


18 

n 

s 

10 

1 


t19 

■ 

55 

n 

■ 

10 


Nyajidjlrom CPUCL^rising edge 

t32 

IB 


ns 

10 

D[31-0] 

CPUCLK rising edge to data 
invalid /write cvclel 

133 

15 

75 

ns 

10 

D[31-0] 


t34 

2 


ns 

10 

D[31-0] 

CPUCLK rising edge to data 
invalid (read cvcle) 

135 

15 


ns 

10 

/STERM 

/STERM falling edge to CPUCLK 
risina edae 

t36 

2 


ns 

10 



137 

8 


ns 

10 

/DSACKO 


138 

20 


ns 

10 

/DSACKO 

CPUCLK rising edge to /DSACKO 
risina edae 

t39 

20 


ns 

10 


If (•* •TJ^'^Tlffri i 1 1 fn T /»i U) 

t40 

20 


ns 

10 

/BERR 

| CPUCLK falling edge to /BERR rising edge 

t41 

20 


ns 

10 
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Note 1: The data hold timing t35 (read cycle) is longer than the data hold timing of the 68030. 

Note 2: Careful consideration of the daisy chained /BGIN to /BGOUT signal is required when using 
this part in a system with more than two bus masters (other than the 68030). The delay from 
the breaking of the daisy chain (the time until /BGOUT) to the set up time of /BGACK (t29) 
must be less than the round trip delay of the daisy chain above the SCSI DMA. 


TABLE 8. OUTPUT RISE AND FALL TIME 
(VDD - 4.75V to 5.25V, Temperature - 0 - 70°C) 
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6.0 SUPPLEMENTAL INFORMATION: The following is not to be used for the acceptance nor 
rejection of the part herein. 

The SCSI DMA chip is intended to provide a high speed interface from the 68030 bus to the ANSI Small Computer 
Systems Interface (SCSI) bus. It provides all the features of, and supports the software written for the 53C80 chip and in 
addition handles data transfers via DMA to the 68030 host processor. Only data transfers are handled by the DMA 
channel; other SCSI bus protocol is handled in software running on the host processor. 

During Programmed I/O (PIO) mode, control and command bytes are passed to the SCSI DMA from the host at one byte 
per transfer. Using DMA mode, data transfers are normally 4 bytes (32 bits) per transfer. 

Two eight bit registers (74F574 for example) are required external to the SCSI DMA to allow for multiplexing the address 
bus and thus reducing the pin count of the SCSI DMA. See Figure 5 for schematic. 

Some features of the SCSI DMA include: 


* 53C80 host adapter cell with enhancements 

* DMA bypass mode (to remain compatible with current software written for the 53C80) 

* Hardware handshake mode (bytes are transferred under software control and no polling for available 

bytes is necessary) 

* 32 bit DMA data transfgp 

* 4 gigabyte direct apdfessing range]52-Wt DMA address register) 

* Block transfers of4 gigabyj£&-sjjpportea(32 bit DMA byte counter) 

* Supports misaligned (noH-modufes4) data buffer addresses into “normal, lory 

* Supports noiymodulo 4T)MA byteipunts 

* Programmable watchdog timer 

* 3 MB/sec asynchronous transfer rate 


* Automatic SCSI bus 


arbitration (“old” arbitration scheme suppoi 


6.1 THEORY OF OPERATION 



ram: Refer to Fidure 2 ( F l ow B lo ck Dia gram) for thd4eHewing 


6.1.1 BLOCK DIAGRAMS: 

11.1.1 Flow Block Dia 

explanations. 

ilFO Input MuwLogic: T/iis multi plex er pr o vid e s b yt e 


ting into the T l FO/ The data 

going intdthe FIFd either comes from the data bus or from the B3C80. 

DMA Data Qdt Logic: /hese buffers provide byte routingyfrom the FI^O onto the 
Jssor data&js. 

-IFO Logic: The^fFO is used to assemble or disassemble 4 byte longworcjs from, or 


PIO Buffer: This buffer allows control or status information to be transferred directly to 


the 53C80 cell. 

53C80 Cell: This is an enhancement of the familiar 53C80 circuit. It will allow transfers 
of up to 3 megabyte/second and will also provide automatic SCSI bus arbitration. 

DMA Address Counter: This counter contains the DMA address. 

Address Multiplexing Buffers: These buffers allow the multiplexing of the 32 bit 
address into two 16 bit halves. 

Address Readback Buffer: This buffer allows the DMA address to be read by the CPU. 

DMA Count Counter: This counter contains the number of bytes left to transfer in the 
current DMA operation. 

Watchdog Timer Register: This register contains the initial value of the time delay of the 
watchdog timer. 

Watchdog Timer Counter: This counter contains the current value of the time delay of the 
watchdog timer. 

Control State Machine: This circuitry controls all operations of the SCSI DMA chip. 
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6.2 


6.1.1.2 


Detailed Block Diagram: Refer to Figure 3 (Detailed Block Diagram) for the following 
explanations.The Detailed Block Diagram notes the main logic blocks and their 
interconnections. 

Decoder: Based on state bits Q~(2:0) and other inputs, this block decodes information to 
supply control signals to other blocks. 

State Machine: Design’s single state machine that supplies state bits Q~(2:0), control 
signals, and chip outputs. 

Watchdog Timer: Performs Watchdog Timer logic. Contains Watchdog Timer Register 
(Register $140). 

FIFO: Performs FIFO logic. Contains FIFO Register (Register $180). 

DMA Decoder: Based on state bits Q~(2:0) and other inputs, this block decodes information 

to supply DMA control signals to other blocks. 

DMA Control Register: Performs logic to update DMA Control Register (Register $080), 
which is also contained in this block. 

DMA Address: Performs logic to control DMA address functions. Contains DMA Address 
Register (Register $100). 

DMA Counter: Performs logic to control DMA byte counter functions. Contains DMA Count 
Re gister (Register $0C0). 

ced 53C80 cell included in SCSI DMA. ,^Performs ajl 
Contains Registers $070 to $000. 

Misc.K'ffliScellaneousMpgic external to major block: fted above. 

Mis<*:2: Miscellaneous logic external to major blod^ :ted above. 


est Mode, and 


MODES OF OPERATION 

The SCSI DMA may bp operated in fotijr modes-f-Slave (PIO) Me 
Reset Mode/ 

6.2.1 Slave (PIO) Mode Operation! In Slavej Mode, the S£SI DM^foperate^ much like ja 53C80 with five 


extra registers. The 68080 is the bus maste 


6.2.2 


writing tb or reading froi 
through separate systei 
(looks like an asynchroi 
(lode. Slave Mode is 
Master (DMA) Mode Opej 


fthesystem-defii 
i logic, win assert 



(DMA) Mode, 


ses the Si 


registers by 


SI DMA’s I 
space of thfe SCSI DMA, which, 
TheSCSTOA 


I SCSI transactions. 


he SCSI DMA’s /CS input, 
s f/DS^CK-drivi ho) memory controller to the 68030 during Slave 


tilized to perform PIO (Programmed I/O) register set-ijip and data transfers. 

Mode, it becomes 


ion: Wrfen the SCSI DMA operates in Master (DMA) 
thbbus mastetarjd'bperatesimuch like a less-powerful 68030 : _Jo perform D MA tra nsfers, the 
SCSLDMA assumes bus mastership through the regular 6|030 bus arbitration procedures and 
then cahies^ut the datarfransfers between main memory and the SCSI Bus withouj 68030 


6.2.3 


assistance, thereby freeing the 68030 to perform other tasks. ~ 

Test Mode: The SCSI DMA supports three test modes: 53C80 Isolation Test, Tri-State on Register 1 bit 
6 Assertion Test, and FIFO Loopback/lntemal Counters Test. 

6.2.3.1 53C80 Isolation Test: To put the SCSI DMA into 53C80 Isolation Test mode, the TEST input 

must be high. In this mode, the pinout of the chip is redefined to bring internal 

53C80 signals to the pads to allow 53C80 isolation tests to be performed. (See Table 3 for 

53C80 Isolation Test Pinout.) This test mode is designed for use by the chip manufacturer. 

6.2.3.2 Tri-State on Register 1 bit 6 Assertion Test: Tri-State on Register 1 bit 6 Assertion Test 

occurs by writing bit 6 of Register $010 with a 1. This causes all output lines on the SCSI 
DMA to be held in a high impedance state until bit 6 of Register $010 is written with a 0. 

6.2.3.3 FIFO Loopback/lntemal Counters Test: The SCSI DMA is put into FIFO Loopback/lntemal 

Counters Test mode by writing bit 5 of Register $080 (DMA Control Register) with a 1. 

This mode allows each bit of Register $180 (FIFO Register) to be written and read. 

In normal operation, one can only read the contents of the FIFO Register. Also in this 
mode, the DMA Count, DMA Address, and Watchdog counters are connected such that 
each nibble of each counter will count independently and will be incremented or 
decremented (depending on the counter—the DMA Count and Watchdog counters 
decrement while the DMA Address counter increments) by a read of their respective 
initial-value-holding registers (Registers $0C0, $100, or $140). 
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5.2.4 


Beset Mode: The SCSI DMA may be reset in four ways: SCSI DMA Hardware Reset, DMA Control 
Register Software Reset, Initiator Command Register Software Reset, and SCSI Bus 
Hardware Reset. 

5.2.4.1 SCSI DMA Hardware Reset: To reset the entire SCSI DMA chip (including the 53C80 cell) 

the /RESET signal must be low for at least 80 ns. Logic is included to delay the reset 
input to the 53C80 cell to assure that it will meet its 100 ns minimum reset-assertion-time 
requirement. This reset mode resets all parts of the SCSI DMA’s DMA logic and 
registers and issues a hardware reset to the 53C80 ceil. 

5.2.4.2 DMA Control Register Software Reset: By writing bit 4 of the DMA Control Register 

(Register $080) with a 1, the DMA Control Register Software Reset is employed. This 
reset mode essentially performs a 53C80 hardware reset, in that it causes the RESET 
input to the 53C30 cell to be held active long enough to meet its 100 ns minimum reset- 
assertion-time requirement. It is not necessary to clear bit 4 of the DMA Control Register 
after performing a DMA Control Register Software Reset; the 53C80 cell will only be 
hardware reset once per assertion of bit 4 of the DMA Control Register. 

5.2.4.3 Initiator Command Register Software Reset: An initiator Command Register Software 

Reset is executed by writing bit 7 of the Initiator Command Register (Register $010) with 
a 1. This asserts the /SRST line and the 53C30 IRQ sign al, but clea rs all other internal 
: and registers; this essentially issues a SCSH3us Rese 
To dear this"srfbqtion, bit 7 of the Initiator Command Register (Reg 
<ith a 0. To. dear the interrupt, read Register $070. A SCSI 


)MA Codtfoi Register Software Resei 

SCSI Bus Hardware Reset:) To issue a SCSI Bus^Hardw; 
/ driven low. This causes the 53C80 IRQ signal to alj 



through software. 
Ister$010) must be 
DMA Hardware 


ill also dear bit 7, deassert /SRST, 


logic and registers. To ctear this 
it 7 of the Initiator Command Rj 


rrupt, readflegistep'$070. A 
ftware Reset will^riso dear bit 


Reset, the/SRST line must be 
bb asserted pnd dears all other 
^ifuatic n, either /SftST must be 
gister (Register $0110) must be written 


CSI DMA Hardware Reset or a 
;7, beassertj/SRST, and clear 
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6.3 SCSI HOST ADAPTER 

An enhanced 53C80 is the SCSI host adapter. The enhancements included in this cell over the regular 
53C80 are autoarbitration capability and improved asynchronous data transfer. This cell handles all SCSI bus 
protocol and data transfers. It is accessed directly by the host for all command and control (PIO) transfers to 
or from the SCSI bus. The SCSI DMA has the DMA capability to offload the host from the tedious job of 
transferring data byte by byte under direct processor control, although it supports this 
means of transfer. Refer to the 53C80 manual for details on the operation of the host adapter cell. 

6.4 BYTE ROUTING AND FIFO LOGIC 

The purpose of the byte router logic is to interface between the 32 bit CPU data bus 

and the 8 bit SD (SCSI Data) bus. The SD bus is an internal 8 bit data bus connected to the 53C80 

ceil. The byte router logic provides support for misaligned DMA data transfers, 

programmed I/O (PIO) transfers directly to the 53C80, and a one long word FIFO for DMA 

data transfers. 

6.5 DMA CHANNEL 

6.5.1 Signal Timing Scenario: The SCSI DMA can do all data transfers via direct memory access (DMA) 
to the prgcsssei^ht^t) bus. After all control information is written/fo load upl the DMA address 
couptdrand the DMAoyte count and set up the 53C80 to do data transfers the DMA operation 
wjifoegin bvwritijTg to onefof the DMA start registers. (See section 6.7.2.3 lor details). The 
&3C80 requests eiich DMA wansfer (when the FIFO is fulMia the internal signal DREQ, and that 
/request is passed tothe DMAcontrol logic. The SCSI dMa then asserts /BlR (Bus Request) in 
/ order to gain bus mastership ornhe 68030 bus. If the ^processor' ntends to release the bus after 
/ the current bus cycle has compteted, it asserts thesfgnal IBG&{b us grant) ai id this signal is 
/ passed to all bus masters via daisy chain. The JJtiG signer! will inter the S< 5SI DMA via the pin 
/BGINi The control logic recognises /BGIN, arfo4fter thp'currenl bus cycle I las completed, the 
SCSI pMA asserts /BqACK to hpld the busyAs sooryas it recognizes that: he bus is obtained, 

■ r DMA address A(31-16] on the lines MA I 5-0] and asserts 

er (74R374) wi ll atch this addr ess. The SCSI D MA then 
rder C 'MA address on the lines MA[15-0]. The signal /ABEN is 
ible tne high order address onto the addcess-bds A[31 -16]. 

, FC1, SIZO, SIZ1, and /AS. If a read (DMA read from memory, 
sd, the SCSI DMA will latch me data from the processor data 
ry, read from SCSI) oppalion is requested>ibe.SCSI DMA will 
3ta bus. It is intended that all DMA transfers wii h memory be 
TERM supplied by me inory controller). Howeve r, the signals 
/DSACKO and /BERR will also terminate a DMA data transfer. 

6.5.2 Watchdog Timer: The watchdog timer can be used to monitor the DMA activity. If no DMA activity 
happens before it counts down, it will interrupt the CPU (if watchdog timer interrupts are 
enabled - DMA Control Register bit 2 asserted) and terminate the DMA operation. Any DMA 
activity causes the timer to be reloaded with the value stored in the Watchdog Timer Register 
(Register $140). 

6.5.3 Non-Modulo 4 Transfers: The method by which the SCSI DMA handles non-modulo 4 addresses and 
non-modulo 4 byte counts is by adjusting for non-modulo 4 addresses on the first 
68030 bus transfer and adjusting for non-modulo 4 byte counts on the last 68030 bus 
transfer. The address is detected to be non-modulo 4 if either or both of the least 
significant two address bits are non-zero. The value of these address bits determines 
which of the byte lanes are to be filled. The byte count is decremented by one and the 
address is incremented by one each time a byte is transferred to or from the 53C80. 

When the most significant byte lane has been filled, a 68030 DMA transfer is initiated 
and the size bits will be determined by the number of bytes in the FIFO. The DMA 
address which will be gated onto the address bus will be the current address minus the 
number of bytes in the FIFO. Consider the following examples: 
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Example 1: WRITE 

As shown, the byte count and DMA address are changed after each byte is transferred 
from the 53C80 to the FIFO. The byte count is decremented by one and the address is 
incremented by one. The bytes are placed in the correct byte lane as they are 
transferred from the 53C80. The two least significant address bits of the current 
address determine the byte lane. As each byte is placed in its byte lane, the size 
counter is incremented by one. This counter contains the number of bytes in the FIFO 
and the number of bytes to transfer when a DMA transfer is initiated. 


Byte DMA Byte 

Count Addr Lane 


Sizel SizeO Comments 

1 MSB’s go in LS addresses 

0 

0111 0111 3- D(7:0) 1 1 -> DMA transfer 3 bytes to addr 0101 


1001 0101 1-D(23:16) 0 

1000 0110 2- D(15:8) 1 


Example 2 


0110 

0101 

0100 

0011 


0010 

0001 , 


1100 , 

1101/ 


0000->Done 


Bytel 


0100 

0011 

0010 


0- D(31:24) 0 
1- 0(23:16) 1 
45 ) 1 
3- D (7-OPvP 


0- D(31:24)0 
1- D(23:1o) 1 


DMA 

Byte f 


AddA 

Lane / 

£ 

0101\ 

1- D(23:1j6) 

0 

0110 N 

\ 2- D (1ftB) 

1 

^111^ 

VD(7f0) 

1 

1000 

0- D(31:24) 

0 


Size! 



-> DMA transfer 4 bytes to 

1 

\Q -> DMA transfer 2JJytes to£0dr 1100 
Courft * 0 ->^MA Cbmplete 


/SizeO I Comm e nts 
1 
0 


1 •> DMA transfer 3 bytes-to-dddr 0101 


Example 3 


000 ->Done 


Count * 0 -> DMA Complete 


Byte 

DMA 

Byte 


Count 

Addr 

Lane 

Sizei Sizeo Comments 

0010 

0101 

1-D(23:16) 

0 1 

0001 

0110 

2-D (15:8) 

1 0 -> DMA transfer 2 bytes to addr 0101 


000->Done 


Count ■ 0 -> DMA Complete 
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Example 4: READ 


Byte DMA Byte 

Saint Addr Laos Sizei Sizeo Comments 

1 1 size bits are determined by 

Restarting address 


-> DMA transfer 3 bytes from addr 0101 
3 bytes -> outer FIFO 
3 bytes -> inner FIFO 


1001 

0101 

lane 

1-0(23:16) 

0 

0 

DMA addr determines byte 

1000 

0110 

2- D(15:8) 

0 

0 


0111 

0111 

3- D(7:0) 

0 

0 

0 

0 

size bits - 0 0 if byte count > 4 


•> DMA transfer 4 bytes from addr 1000 
4 bytes -> outer FIFO 



11 01 
00 00 


Size Output Encodings 


Sizl 

o 

i 

i 

o 


SizQ Size 
1 Byte 

0 Word 

1 3 Byte 

0 Long Word 
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6.6 


MEMORY MAP AND PROGRAMMERS MODEL 

Refer to Figure 11 for register memory map assignments. The memory map presupposes that the 
signal /CS is asserted. 


6.6.1 


6.6.2 


6.6.3 


SCSI HOST ADAPTER REGISTERS (Registers $000 - $070) 

The byte-wide 53C80 registers are mapped to address bits MA{8-4] * $00 to $07. 

Refer to the 53C80 design manual for a detailed description of each bit's function. 

FIFO REGISTER (Register $180) 

This 32 bit register contains the FIFO contents. In normal operation it may only be read. In FIFO 
Loopback/lntemal Counters Test Mode, it may be both read and written. 

WATCHDOG TIMER REGISTER (Register $140) 

This register is written with the watchdog timer count. The watchdog counter is loaded with 
this count and begins to count down immediately at a rate of 1/2 the frequency of the CPUCLK 
input. During each DMA transfer the counter is reloaded with the count. If no DMA operation 
occurs, no reload will take place and the watchdog counter will count down to zero. After it has 
counted to zero it will not continue to count. If the watchdog counter counts down to zero, it will 
set the WD Timer Interrupt Pending bit (bit 7 of the DMA Control Register) and generate an 
interrupt if WD Timer Interrupts are Enabled bit (bit 2 of the DMA Control Register) is set. 


6.6.4 


6.6.5 


6.6.6 


Watchdog timerj] 

(register $ 

DMA ADDR 
This 

DMA BYTE COUNT REGIST! 

This 32 bit register contain: 
DMA CONTROL, 


may be cleared by reading or writing the w; 


(Register $100) 
ins the current DMA address. 
(Register $0C0) 
the currant DMA byte count 

') 


BIT 

0 

1 

2 

3 

4 


NAME 


(Register 

This 32 bit register contains the Contrbl and configur; 
D(riA Contrpl Register bit definitions are as follows 

READ/WRTE DESCRIPT: 


6 

7 

8 

9-11 

12 

13 


DMA Enabled 
SCSI Intenupts Enabled 

WD Timer Interrupts Enabled 

Hardware Handshake Me 

53C80 Reset/Bytes Lefl 

FIFO Loopback/lntemal Counters R/W 
Test Mode 

SCSI Interrupt Pending R only 

WD Timer Interrupt Pending R only 

DMA halted by bus error R only 

IDO-2 R/W 

ARBEN R/W 

WONARB R only 



nter register 


for the SCSI DMA. The 32 bit 


14-31 (reserved for future expansion) 


ow-DMA- gpgrat l O ti S d i s abled, high * DM A-e nabled 
ow-interrupts from DMA operations or from the 
SCSI bus disabled, hiylii-interrupts enab l e d 
low-watchdog timer inte rrupts disabled, 
high-interrupts enabled/ l 

high-set hardwane-trartashake modeTtowdisable 
hardware handshake mode 
write only: high-re s e t th e 530 8 0 (int e rnal c ell) 

(does not tri-state the SCSI DMA) 
read only: high-indicates that bytes are left in the FIFO 
high-enable FIFO Loopback/lntemal Counters Test 
mode, low-disable FIFO Loopback/lntemal Counters 
Test mode. 

high-an interrupt from the SCSI bus is pending or 
the DMA operation has terminated successfully 
high-an interrupt from the watchdog timer is 
pending 

high-the requested DMA operation has been 
halted due to a bus error (e\ a <■*#,_ „ ^ wr !>-• - ^ ' 

These bits are used as our SCSI Address during the 
arbitration phase. 

Enable autoarbitration. (See section 6.7.1 for further 
information on autoaibitration) 

Indicates that arbitration has been won by the 
SCSI DMA. 
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Programmer's Model 

Each register of the SCSI DMA controller is shown below with its address (A[8-0]) 
and size (number of bits). 

DMA REGISTERS: 

Address 110000000 ($180) Read-FIFO Read/Write-FIFO Loopback (test mode set) 


FI 

30 

29 

28 

27 

26 

IF 

F 

23 

22 

FI 

20 

19 

18 

FI 

16 

15 

14 

13 

12 

11 

10 


8 

i 

2 

1 

4 

2 

2 

2 

3 

Address 101000000 ($140) Read/Write-Watchdog Timer 

F 

30 

29 

28 

27 

26 

23 

* 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

£ 

8 

2 

6 

1 

i 

2 

2 

2 

2 

Address 100000000 ($100) Read/Write-DMA Address 

F 

30 

29 

28 


26 

FF 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

“ 

£ 

8 

l 

6 

2J 

2 

2 

2 

2 

2 

Address 0110OOOOOJSOGO)—^ead/Write-DMA Count / 



/ 



m 

E3 

B 

B 

!E 

B 

B 

ijSI 

Sj 

B 


m 

B 

B 

B 

B 

g 

g 

g 

g 

jQ 

I 

Q 

B 

B 

B 

B 

B 

E 

B 

i 


SI 

^ead/W^te-DMA Control Regj^fer 



m 


Qj 

B 

K 

B 

E 

B 



BE 

B 

m 

B 

B 

g 

g 

g 

wmm 

g 

g 

an 

IB 

y 


B 


B 

B 

B 

B 

■ 


Address 0C)111000)0 ($070) Refid-Rese t Parity/lpterrupJ 

DMA Iftitiatonfiftceiva,, 


Address 00^10000 
Address 0010 


Write-Start, 



Data 

DMA Target Receive 


and Status 
DMA Send 


Address 001000000 ($040) Read-Current SCSI Bus Status 

Write-Select Enable 

Address 000110000 ($030) Read/Write-Target Command 



B 

B 

B 

B 

1 

IE 

E 

i 

e 


1 

1 


_ J 



B 

s 

B 

1 

IB 

B 

1 


1 

1 

B 

i 

H 

1 

1 



B 

B 

B 

B 

l 

IE 

fl 

E 


7 

6 

5 

4 

3 

2 

1 

a 


Read/Write-Mode 

7 

6 

a 

4 

3 

2 

1 

a 


Address 000010000 ($010) Read/Write-Initiator Command 

Address 000000000 ($000) Read-Current SCSI Data 

Write-Output Data 


a 

a 

a 

* 

2 

2 

2 

a 


□ 

6 

2 

2 

2 

2 

2 

2 


FIGURE 11. MEMORY MAP 
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6.7 Autoarbitration and Data Transfer with the SCSI DMA (Software Enhancements Guide) 
The two main advantages that the SCSI DMA offers over a single 53C80 chip are: 

(1) Autoarbitration and 

(2) DMA Data Transfer 


The “old" methods of arbitration and data transfer (explained in the 53C80 Design Manual) are also supported in 
the SCSI DMA. Noted below is a guide for the software enhancements needed to take advantage of the SCSI 
DMA’s capabilities for autoarbitration and DMA data transfer. Also discussed are the “old" methods of data 
transfer: Polled Mode and Hardware Handshake Mode. 

Note: This is only a software guide and may not include ail necessary code. 

6.7.1 Autoarbitration: The enhanced 53C80 cell included in the SCSI DMA has logic to perform 

automatic arbitration (autoarbitration). To utilize this feature to perform the Arbitration Phase, the 
following is suggested: 


Beat 

$140 


w/Data 

determine 

$00001706 



Comments 

Fill WD Timer Reg with appropriate value 
Assert ARBEN and ID24D0 (?=choose ID) and 
enable WD TIMER (NTs and SCSI! 

Start ARBITRATK 


(terrupt handler should then din 

Gather info; especial ARB bit 


be cleared autoi 



$080 


Clear Ints 
$00000000 Clear bits set before 


6.7.2 Data Transfer: The SCSI DMA may be configured to perform SCSI data transfers in three ways: Polled 
Mode, Hardware Handshake (a.k.a. pseudo DMA and blind) Mode, and DMA Mode. Note that these 
modes of operation refer only to the way data bytes are transferred to or from the SCSI Bus. All control 
information is transferred to or from the SCSI Bus via the 8 byte-wide 53C80 registers no matter which 
mode of operation is chosen. 

6.7.2.1 Polled Mode: The Polled Mode uses software polling to determine when a byte is available to be 

read from or written to the SCSI DMA. Refer to the 53C80 Design Manual for further 
information on Polled Mode data transfer. No special register setup is needed to perform 
Polled Mode transfer. 

6.7.2.2 Hardware Handshake Mode: The Hardware Handshake Mode does not poll to see when a byte is 

available; rather it transfers bytes “blindly". In this mode, when a MOVE command is 
executed by the 68030, the SCSI DMA will respond by asserting /DSACK0 only after the byte 
transfer has been executed on the SCSI Bus. If the transfer does not occur for some reason, 
the 68030 bus cycle will be terminated by a bus error generated by a system bus cycle timer 
(external to the SCSI DMA). To employ Hardware Handshake transfers, bit 3 of the DMA 
Control Register (Register $080) must be written with a 1. 
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Suggested code progression for Hardware Handshake (HWHS) is as follows: 


For HWHS Writes (data from main memory to SCSI Bus): 


R/W Rea# w/Data 


w 

$080 

$00000008 

w 

$020 

$02 

w 

$010 

$09 i o t 

w 

$030 

$00 

w 

$050 

$xx 

Repeat until all data is transferred 

W 

$000 

data 


Comments 
HWHS En 
DMA Mode 

Assert SCSI Data Bus, AsserFBusf~ 

Make sure 10 not asserted-for phase match 
Start DMA Send 


Data from processor bus; will get to SCSI 


u 


t 

O ? <-> 


O 9 

o >> 
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6.7.2.3 DMA Mode: The DMA Mode transfers bytes to and from main memory independent of the 68030. 
To put the SCSI DMA into DMA Mode, the following must be done: 

. f tO 

For DMA Reeds (data from main memory to SCSI Bus): 

Comments 

Fill WD Timer Reg with appropriate value 
WD Timer Ints En, SCSI Ints En, DMA En 
Set DMA Addr Reg with starting address 
Set DMA Count Reg with # of bytes to transfer 
En EOP Int, DMA Mode 
Assert SCSI Data Bus, AsserTBus^ 

Make sure 10 not asserted-for phase match 
Start DMA Send 


R/W 

B&flf 

w/Data 

W 

$140 

determine 

w 

$080 

$00000007 

w 

$100 

starting addr 

w 

$0C0 

byte count 

w 

$020 

$0A 

w 

$010 

$09 

w 

$030 

$00 

w 

$050 

$XX 


after have received interrupt from SCSI DMA: 


$080 


'$020 

$080 

$010 


$00 

$00000^00 
$00 


For DMA 

BM| 


u 

fs (data from Si 


$14oI 

w/Data 

determine) 

$0801 

$00000007 

$100 \ 

starting acldr 

$0C0 \ 

byte count 

$020 \ 

$0A / 

S010 


$Q30 

$070. 

$XX V 


:SI Bus to main mei 
Comme 



Check bits 8-6 to determine i 
Check reason for SCSI inte 
Clear 53C80 interrupt 
Clear bits set before 
Clear bits set before/ 

Clear bits set befor 


Fill WD/Timer 
WD Timer Int 
Set DMA Addr Reg with starting address 


with appropriate value 
En, DMA Eft- 


Set DM A - Count R eg w i th # o ft bytes to tr; 
En EOP Int, DMA Mode . 
Deassert SCSI Data Bus.^jeipmsy' 
Assert IO-for phase m a teh ^ 

Start DMA Initiator Receive 


nsfer 


after have received interrupt from SCSI DMA: 


R 

$080 


Check bits 8-6 to determine reason 

R 

$050 


Check reason for SCSI interrupt 

R 

$070 


Clear 53C80 interrupt 

W 

$020 

$00 

Clear bits set before 

W 

$080 

$00000000 

Clear bits set before 

W 

$010 

$00 

Clear bits set before 

W 

$030 

$00 

Clear bits set before 
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6.8 SCSI DMA Interrupts: Interrupts from the SCSI DMA appear at the /INT signal. Interrupts may be generated from 
the 53C80 (SCSI Interrupts) or from the DM A logic (WD Timer Interrupts). 

8.8.1 SCSI interrupts: The following interrupts originate from the 53C80 SCSI host adapter. Noted below are the 
situations that will cause an interrupt request to be generated, how the situation occurs, 
and the steps required to enable that request to appear at the /INT output. To enable all of the 
following SCSI Interrupts to appear at the /INT output, one must assert Register $080 bit 1 (SCSI 
interrupts Enabled). This allows the internal signal IRQ (interrupt request from the 53C80 cell) to get 
to the /INT output. A read of Register $080 bit 6 (SCSI Interrupt Pending) will indicate whether the 
IRQ has reached the DMA logic side to be propagated to the /INT signal. To clear IRQ (and therefore 
/INT), read Register $070 or assert the SCSI DMA’s /RESET signal. 

6.8.1.1 Assertion of /SRST signal: 

Assert the /SRST signal or assert Register $010 bit 7 (Assert /SRST). This will assert 
/SRST, release all SCSI Bus signals, and generate an IRQ. 

Read Register $050 bit 4 (IRQ active—should be 1) to verify IRQ. 

6.8.1.2 Parity Error: 

Assert Register $020 bits 5,4, and 1 (Enable Parity Checking, Enable Parity Interrupt, and 
DMA Mode—for DMA Receive situation). Parity Error is ch ecked on r ead of Register 0 and 
wjjte of ■ Regis teac$070 and if a parity error occurs, an IRQvtfill be generated. 

5ead Register $B®Qbit 5 (Parity Error—should be 1) to verify. 

ReadRegister $050oft 4 (IRQ active—should be 1) tg^verify IRQ. 

S.3.)^3 /EQP[End okProcess) 

Registelv$020 bitk 3 and 1 (Enable EOP Interrupt and DMA Mode). If /EOP (internal 
I and /DACK (internal signal) and either / IOR (intern ii signal) or/lOW 
(ihtemal signal) ire also asserted for 100ns,^n IRQ wifi fcx i generateq. 
lead Register $u50 bit 4 (\RQ active—shguld be 1)4o verjfy IRQ. 

1.8.1.4 toss of Busy: 

Assert Register $ )20 bit 2 (Monitor BusV). A Lp§s of Busyj Error occujs if /SBSY goes 
fiactive for400 ns while Rogister $020 bit 2 isasserted. I this error cccurs, all SCSI 
Outputs will be tristated and Register $020 P i t t (DMA Mc de) will be automatically cleared 
id an IRQ will tie general! 

pad Register $050 bit 2/Busy Enb r - shou ld be 1)"to v erif 
Read Register $050 bit 4/(IRQ active—should be 1) to verify IRQ. 

Phare Mismatch: J J » 

Assen'fleglSter $02OM 1 (DMA Mode). A Phase Mismatch Error occure-if-Register $030 
rite 2-0 do not m^ten Register $040 bits 4-2. IRQ will be generated on the f. tiling edge of 
/SR EQif t he ro lsa Phase Mismatch Error and Regis t er $ 05 0 ( D M A S en d ) h its been written. 
If this error occurs, all SCSI outputs will be tristated. 

Read Register $050 bit 3 (Phase Match—should be 0) to verify. 

Read Register $050 bit 4 (IRQ active—should be 1) to verify IRQ. 

6.8.1.6 Chip Selected: 

Write Register $040 with the appropriate device ID. If /SSEL is asserted, /SBSY is 
deasserted, /SIO is deasserted, and the device ID matches the Register $040 value for 400 
ns, the chip will be selected and will generate an IRQ. Note: if Register $040 contains all 
zeros, this interrupt won’t be enabled. 

Read Register $050 bit 4 (IRQ active—should be 1) to verify IRQ. 

6.8.1.7 Chip Reselected: 

Write Register $040 with appropriate device ID. If /SSEL is asserted, /SBSY is deasserted, 
/SIO is asserted, and thedevice ID matches the Register $040 value for 400 ns, the chip 
will be reselected and will generate an IRQ. Note: if Register $040 contains all zeros, this 
interrupt won’t be enabled. 

Read Register $050 bit 4 (IRQ active—should be 1) to verify IRQ. 
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6.8.1.8 Autoarbitration: 

Follow guidelines from Section 6.7.1 to put the SCSI DMA into autoarbitration. If arbitration 
is won, IRQ will be asserted. 

Read Register $080 bit 13 (WONARB - should be 1) to verify. 

Read Register $050 bit 4 (IRQ active - should be 1) to verify IRQ. 

6.8.2 WD Timer Interrupts: To enable WD Timer Interrupts to appear at the /INT output, one must assert 
Register $080 bit 2 (WD Timer Interrupts Enabled). This allows a WD Timer Interrupt 
request to get to the /INT output. A WD Timer Interrupt is requested whenever the 
Watchdog Timer counts to zero. A read of Register $080 bit 6 (WD Timer Interrupt Pending) 
will indicate whether the WD Timer Interrupt has been posted. To clear a WD-Timer- 
Interrupt-generated/INT signal, Read or Write Register $140 (Watchdog Timer Register) or 
assert the SCSI DMA’s /RESET signal. 
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